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Abstract 
Many experiments in the linguistic, auditory and visual field have been carried out to investigate the 
rule learning abilities of infants. However, many of these results seem contradictive and fail to draw a 
clear picture of the rule learning abilities of seven-month-olds. In the present study we aim to replicate 
the study of Marcus et al. (1999), which forms the basis of all rule learning research in past two 
decades. Since in a previous experiment, carried out in our lab, infants failed to extract a pattern when 
using stimuli with high variability, we hypothesized that infants might be distracted by high 
variability, indicating that the low variability in Marcus’ study might facilitate rule learning in seven-
month-olds. The motivation to carry out the current experiment was to find an explanation for our 
failed experiment. Therefore we decided to replicate Marcus et al. (1999) to find out if infants need 
stimuli with low variability to extract rules. In the current experiment we tested seven-month-old 
Dutch infants using Marcus’ stimuli. Infants were tested with the Head-turn Preference Procedure. No 
significant results were found, so we could not replicate the results obtained by Marcus et al. (1999), 
and we are not able not able to draw any conclusions about the importance of variability of the 
phonological content. The outcome of this experiment suggests that more research should be done to 
find out what the actual rule learning abilities of seven-month-olds are.  
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1. Introduction 
For decades researches have been trying to understand how infants acquire language. Infants are 
presented with speech but in order to understand speech they need to segment speech into meaningful 
units. Infants need to learn words and rules to understand and produce language. For example, they 
extract the verb 'walk' but in order to produce the past tense of 'walk', infants need to learn the past 
tense rule. To do this, infants need two mechanisms: statistical learning to segment speech and rule 
learning to extract rules.  
 
Statistical learning 
Saffran, Aslin, and Newport (1996) investigated the statistical learning capabilities of eight-month-old 
infants. They state that eight-month-olds use transitional probabilities to extract words from speech. 
They presented infants with a continuous speech stream. The speech stream consisted of four three-
syllable nonsense words. The transitional probability between syllables of words was 1.0 whereas the 
transitional probability between syllables from different words was 0.33. For example, ‘bi-da-ku’ is a 
word. The transitional probability between ‘bi’ and ‘da’ is 1.0 and the same is true for ‘da’ and ‘ku’. 
However, in the speech stream infants heard ‘…-bu-bi-da-ku-pa-…’. The transitional probability 
between ‘ku’ and ‘pa’ was 0.33. In the first experiment infants were presented with ‘words’ and ‘non-
words’ in a Head-turn Preference Procedure. The syllables in the non-words were familiar syllables, 
but infants never heard this combination in the speech stream. Results showed different looking times 
to words and non-words indicating that infants used transitional probabilities to extract words from the 
speech stream. Additionally, Saffran et al. (1996) conducted a second experiment using the same 
familiarization. However, the test phase contained words and part-words. Part-words contained two 
syllables with a transitional probability of 1.0 preceded by a syllable with a transitional probability of 
0.33, for example: ‘bu-bi-da’. Results showed that infants were able to extract words and distinguish 
these words from part-words, indicating that infants use transitional probabilities to learn words.   
 Saffran, Johnson, Aslin and, Newport (1999) conducted a similar experiment but they used 
tones instead of linguistic content. In the tonal experiment infants were able to extract words (a 
sequence of tones) and part-words by using transitional probabilities. Kirkham, Slemmer, and Johnson 
(2002) carried out a visual experiment in which colored shapes were clustered, resulting in transitional 
probabilities of 1.0 between clustered shapes and transitional probabilities of 0.33 between other 
colored shapes. In the test phase infants were presented with consistent sequences and with sequences 
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in which the order of the shapes did not correspond with the transitional probability. Three age groups 
were tested. Two-, five-, and eight-month-olds showed longer looking behavior to novel sequences 
than to familiar test-items. These results showed that all infants were able to compute transitional 
probabilities and to identify inconsistent sequences. A critical note is that infants could have extracted 
the transitional probabilities by paying attention to colors, to shapes or that they have used both 
sources of information (color and shape) to compute the transitional probabilities. When these 
experiments are evaluated, the conclusion can be drawn that the use of a statistical mechanism is not 
domain-specific but can be used across multiple domains: linguistic, tonal and visual (Kirkham et al., 
2002; Saffran et al., 1999).  
  
Rule learning 
The study that forms the basis of all rule learning experiments is the study conducted by Marcus et al. 
(1999). In the study of Marcus et al. (1999), researchers investigated the rule learning abilities of 
seven-month-old infants. They conducted an experiment to find out if seven-month-old infants were 
able to extract a rule from speech. Infants were presented with an artificial grammar and were 
familiarized to tri-syllabic synthetic sequences organized in ABA or ABB patterns. The goal was to 
see if infants could extract the rule from the familiarization and apply it to novel sequences. In the 
familiarization phase Marcus et al. (1999) used coronal consonants and front vowels: 'de', 'di', 'le', 'li', 
'we', 'wi', 'ᴣe', and 'ᴣi'. These were concatenated in tri-syllabic sequences. In some cases, the vowels of 
all three items were the same ('de-we-we'), in other cases the consonants were the same ('de-di-di'), 
leading to stimuli with low variability. Stimuli of the test items were made of the syllables 'ba', 'ga', 
'po', and 'ko'. In the test phase the consonants and vowels of the A and B items were always different: 
'ba-po-po', 'ko-ga-ga', 'ba-po-ba', and 'ko-ga-ko'. Consonants in the test phase were plosives and 
vowels were non-fronted. There was no prosodic information because prosody could give the infants 
information about the pattern and Marcus et al. (1999) only wanted to investigate whether infants 
could extract a rule from tri-syllabic sequences. Therefore, they applied a 125 Hz flat pitch contour on 
the tri-syllabic sequences, which made extracting the pattern based on prosody impossible. The Head-
turn Preference Procedure was used to test whether infants showed different looking times for familiar 
and unfamiliar test-items. In the test phase infants were presented with new syllables with new 
phonological content, which means they cannot rely on transitional probabilities between ‘words’. The 
test phase contained three blocks and in each block infants heard two consistent and two inconsistent 
utterances. Results showed that looking times to the inconsistent grammar were longer than to the 
consistent grammar, indicating that these infants had the ability to extract the pattern and apply it to 
novel sequences. Additionally they conducted another experiment in which they investigated whether 
seven-month-olds are also capable of discriminating between early and late repetition. They 
familiarized infants with an AAB or ABB pattern using the syllables of the previous experiment. 
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Infants were tested on AAB-ABB. They showed longer looking times to the unfamiliar pattern, 
indicating that they are able to discriminate between early and late repetition.  
 Gerken (2006) conducted an experiment similar to Marcus et al. (1999). She investigated if 
infants were able to extract a narrow rule and generalize this rule to a broader rule. Instead of seven-
month-olds she used nine-month-olds and she used a slightly different pattern than Marcus et al. 
(1999). Instead of ABA-ABB she used AAB-ABA. The syllables were similar to the syllables used by 
Marcus et al. (1999). In the first experiment she compared two groups of nine-month-olds. In the first 
group infants were familiarized with a narrow rule: AAdi  ('le-le-di', 'wi-wi-di', 'ji-ji-di', and 'de-de-di') 
or AdiA ('le-di-le', 'wi-di-wi', ‘ji-di-ji', and 'de-di-di'). The second group was the control group that 
was familiarized with an AAB ('le-le-di', 'wi-wi-je', 'ji-ji-li', and 'de-de-we') or ABA ('le-di-le', 'wi-je-
wi', 'ji-li-ji', and 'de-we-de') pattern. During the test phase infants were presented with AAB ('ko-ko-ba' 
and 'po-po-ga') and ABA ('ba-ko-ba' and 'ga-po-ga') sequences with new syllables, to see whether 
infants could apply the rule to novel sequences. By testing these two groups Gerken wanted to find out 
whether infants in the first group extracted the narrow AAdi or AdiA rule or the broader AAB or ABA 
rule. Nine-month-olds in the first group showed no different looking behavior to AAB and ABA 
sequences, leading to the conclusion that they were not able to extract the rule and apply it to novel 
items and that they possibly only learned that every sequence should contain ‘di’. Because ‘di’ was not 
present in the test phase, they failed to discriminate between the two grammars. The control group, 
familiarized with AAB or ABA, showed longer looking behavior to consistent sentences, which means 
that they successfully extracted the rule and by doing this, Gerken replicated the findings of Marcus et 
al. (1999), although we should keep in mind that these infants were two months older. Additionally, 
Gerken conducted a second experiment to see whether infants learned the rule that every sequence 
should contain 'di' or that they learned the actual patterns, but failed to extract the broader rule. In this 
experiment B was replaced by ‘di’ in the test phase ('ko-ko-di', 'po-po-di', 'po-di-po', and 'ko-di-ko') . 
Infants were familiarized with AdiA or AAdi and tested with new syllables in A-position, but B 
remained ‘di’. Infants looked longer to the consistent grammar, which suggests that they have 
extracted the rule that every sequence should contain ‘di’ and that ‘di’ is restricted to a certain 
position. This second experiment shows that nine-month-olds are able to extract broad and narrow 
rules, however when they are presented with a narrow rule (AAdi or AdiA) they are not able to 
generalize this rule to AAB or ABA. One last remark is that infants showed longer looking behavior to 
consistent items, whereas infants in Marcus et al. (1999) showed longer looking times to inconsistent 
sequences.  
 Additional research by Gerken (2010) showed that nine-month-olds are model builders. 
Infants hypothesize about the input they get and along the way they adjust these hypotheses to fit their 
model. She conducted an experiment similar to Gerken (2006). She wanted to know how much input 
infants need adjust their narrow hypothesis into a broader one. Therefore, she familiarized infants with 
an AAdi or AdiA pattern. However, three of the last five items in the familiarization followed the 
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AAB or ABA pattern but did not contain 'di'. By doing this, she presented infants with the broader rule 
than the AAdi or AdiA rule. She used a second group as well in which infants were only presented 
with the AAdi or AdiA pattern. The test phase consisted of sequences that followed the AAB or ABA 
pattern but did not contain ‘di’. Results showed that infants in the second group generalized to the 
narrow AdiA rule or AAdi rule and were not able to apply the AAB or ABA rule to sequences that do 
not contain ‘di’, in contrast to infants in the first group. These infants discriminated between AAB and 
ABA, when familiarized with AAdi or AdiA and when three of the last five utterances were AAB or 
ABA. Apparently, these infants needed only three utterances of AAB or ABA to generalize to the 
broader rule. To rule out the possibility that infants only use the last five items to generalize, Gerken 
used a control group of infants to whom she presented music followed by the last five utterances of the 
first group from the first experiment. Infants failed to extract a rule from only five utterances. In sum, 
this means that an infant builds a model and easily adjusts this model if she encounters data that does 
not fit her model. Results also indicate that an infant needs more than five utterances to extract a rule. 
Results show that infants are able to extract a rule from a familiarization and that they are able to apply 
this rule to novel instances and these results are similar to the results found by Marcus et al. (1999), 
except for the fact that the infants were two months older.  
 
Rule learning across multiple domains 
The artificial grammar learning paradigm was not only used in the linguistic domains but also in the 
visual and auditory domains. Research by Saffran et al. (1999) and Kirkham et al. (2002) proved that 
statistical learning is not domain-specific, because infants were able to extract ‘words’ using 
transitional probabilities when presented with speech, tones or visual stimuli. Hence, the question 
arises if rule learning is domain-general as well.  
 Johnson et al. (2009) carried out a visual equivalent of the Marcus et al. (1999) experiment to 
test if infants are able to extract rules in a visual experiment. They also investigated if the position of 
the repetition (early vs. late vs. non-adjacent) had an effect on the rule learning capabilities of infants. 
Johnson et al. (2009) familiarized eight-month-old and eleven-month-old infants with triplets of 
colored shapes in an ABB pattern, followed by a test phase consisting of three blocks with two 
consistent (ABB) and two inconsistent (AAB) trials. Eleven-month-olds showed longer looking 
behavior to the inconsistent items, which indicates that they extracted the pattern. Eight-month-olds 
showed no longer looking behavior to one of the grammars, indicating that they were not able to 
extract the ABB pattern and discriminate it from AAB. In contrast to Marcus et al. (1999) where 
seven-month-olds were able to extract the early and late repetitive patterns when presented with 
syllables. In the follow-up experiment Johnson et al. (2009) investigated if eight-month-olds in the 
previous experiment were able to extract the ABB pattern but failed to discriminate it from AAB 
because they were unable to detect the position of the adjacent repetition. Therefore, they familiarized 
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these infants with an ABB pattern and tested them on ABB (late repetition) and ABA (non-adjacent 
repetition). Eight-month-olds showed different looking behavior to these patterns, indicating that they 
are able to discriminate a late repetition pattern (ABB) from a non-adjacent repetition (ABA) pattern. 
This result shows that eight-month-olds are able to extract an ABB pattern, but that the contrasting 
pattern (AAB or ABA) matters. This experiment also provided evidence for the ability of eight-month-
olds to discriminate ABB from ABA in a visual experiment that is highly similar to the linguistic 
experiment by Marcus et al. (1999). However, these infants were one month older than the infants 
tested by Marcus et al. (1999). A third experiment was carried out to investigate whether eight- and 
eleven-month-old infants showed the same looking behavior when familiarized with ABA and tested 
on ABA and ABB. In this case, no difference in looking times between grammars was found, which 
indicates that both age groups were not able to discriminate between ABA and ABB when 
familiarized with ABA. Johnson et al. (2009) argue that these results suggest that infants have a 
limited cognitive capacity. When visual objects are directly repeated, infants are able to recognize and 
store the pattern. However, this effect disappears when infants are familiarized with a pattern like 
ABA when there is non-adjacent repetition. Therefore, we might even argue that eight-month-old 
infants in the second experiment do not discriminate ABB from ABA but simply ABB from ‘some 
different sequence without repetition’. This raises the question why seven-month-old infants in 
Marcus et al. (1999) were capable of discriminating between ABA and ABB when familiarized with 
ABA when presented with linguistic stimuli.  
 A similar visual experiment was conducted by Saffran et al. (2007). They hypothesized that 
infants not necessarily need linguistic content to learn rules. Seven-month-olds were familiarized with 
pictures of eight different dogs arranged in either an ABA or an ABB pattern. In the test phase they 
were presented with ABA and ABB patterns. Infants showed longer looking behavior to the novel, 
inconsistent pattern. Saffran et al. (2007) carried out a second experiment to see if infants were able to 
discriminate between early (AAB) and late (ABB) repetition. Seven-month-olds were familiarized 
with AAB or ABB and in the test phase presented with both patterns. Infants again showed longer 
looking behavior to the novel pattern, indicating that they are able to detect the position of the 
repetition. To see if the effect was limited to pictures of dogs they also presented infants with pictures 
of eight different cats arranged in an ABA or ABB pattern; similar results were found. These findings 
indicate that seven-month-olds are able to visually extract a rule when presented with pictures of dogs 
or cats. In addition, these results suggest that seven-month-olds are able to learn non-adjacent 
repetitions and that they can discriminate them from adjacent repetitions (ABA vs. ABB) and these 
results show that infants are able to discriminate between early and late repetition (AAB and ABB). 
 These findings are in contrast to the results obtained in the visual experiment by Johnson et al. 
(2009), but similar to the results of the linguistic experiment by Marcus et al. (1999). The question 
remains why infants in the visual experiment by Johnson et al. (2009) were not able to extract the 
pattern and why they did show an effect in Saffran et al. (2007). Saffran et al. (2007) suggest that 
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familiar objects are easier to categorize, which could be the reason infants did extract the rule when 
presented with pictures of cats and dogs. From the second experiment of Saffran et al. (2007), a third 
conclusion that can be drawn, namely that infants do notice the location of the adjacent repetition 
(AAB-ABB) as was also found by Marcus et al. (1999), however this finding is not supported by 
Johnson et al. (2009). In Johnson et al. (2009) infants had multiple cues (color and shape) that could 
have helped them extract the rules whereas in Saffran et al. (2007) they did not, although we might 
argue that they actually did have multiple cues because infants could have used the colors of the dogs 
to extract the pattern since the A element was always a different color than the B element (for 
example: brown-brown-black (AAB) or orange-orange-brown (AAB)). This means they could have 
extracted the rule based on type of dog or based on color. In the third experiment the difference 
between the color of the cats was even more salient than in the dog experiments. If we assume that 
infants in Saffran et al. (2007) used type and color and infants in Johnson et al. (2009) used shape and 
color one possible explanation for the positive result of ABA-ABB and ABB-AAB by Saffran et al. 
(2007) is the fact that seven-month-old infants know the words for dog and cat and they do not know 
the words for triangle, rectangle or octagon. This could mean that infants need linguistic representation 
to extract rules, although Saffran et al. (2007) argue that infants need to be familiar with the objects. 
However, they do not explain what 'familiar' means. Does it mean that the infants encounter cats and 
dogs in the real world? Or does it mean that infants know the word for cat or dog? Eight-month-old 
infants in Johnson et al. (2009) showed discrimination of ABA from ABB when familiarized with 
ABB but infants were unable to discriminate ABB from ABA when familiarized with ABA. The 
absence of linguistic information and the fact that nonadjacent repetition is harder to learn than 
adjacent repetition might have led to the result that infants did not discriminate between ABA and 
ABB when familiarized with ABA.  
 Marcus, Fernandes, and Johnson (2007) investigated if 7.5-month-old infants need linguistic 
content to extract an AAB or ABB pattern. They presented infants with sequences of musical tones or 
with sung speech (syllables). In the musical tones condition no difference in looking times between the 
two grammars was found. In the sung speech condition infants showed longer looking behavior to 
inconsistent patterns. These results indicate that infants can discriminate ABB from AAB when the 
stimuli are sung. These findings also suggest that 7.5-month-old infants need linguistic content to 
extract the pattern. However, infants had two cues in the sung speech condition from which they could 
extract the pattern, namely the musical tones and the linguistic input. In the musical tones condition 
they could only extract the pattern from the tones. The sung speech task might therefore have been 
easier, which might have led to these results. If we link these findings to the visual experiment of 
Johnson et al. (2009) there is a difference. Apparently 7.5-month-olds are able to discriminate ABB 
from AAB when the phonological content is sung but 8-month-olds are not able to extract the pattern 
when presented with visual information like colored shapes. Both experiments contain two cues 
infants could use to extract the pattern (sung speech or colored shapes). Infants, however, failed to 
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extract the pattern when there was no linguistic content. The hypothesis of Marcus et al. (2007) is 
supported by the findings of Johnson et al. (2009) and Marcus et al. (1999): In order to extract rules, 
7.5-month-old infants need linguistic (phonological) content, or linguistic representation to explain the 
results by Saffran et al. (2007).  
These findings are also supported by other experiments of Marcus et al. (2007). They 
presented infants with musical tones that varied in timbre and they used a condition with different 
animal sounds. They familiarized infants with ABA or ABB, in contrast to their earlier tonal 
experiment in which they used AAB-ABB. In both conditions, no difference in looking times was 
found. Therefore, Marcus et al. (2007) conducted a third experiment in which they used three 
conditions: tones, timbre and animal sounds. In this experiment infants were familiarized to ABA or 
ABB with speech. After this they were tested on their ability to discriminate between these patterns in 
the tones, timbre or animal sounds condition. Results indicate that infants were able to extract the 
pattern when familiarized with speech and that they were even able to apply the extracted rule to non-
linguistic stimuli. Therefore, Marcus et al. (2007) suggest that speech (phonological content) might 
facilitate rule learning.  
 Rabagliati et al. (2012) wondered if rule learning is facilitated by speech or by linguistic 
information in general. They hypothesized that when rule learning is facilitated by linguistic 
information, infants should be able to extract rules when presented with communicational information 
like sign language. According to them, the tones used in Marcus et al. (2007) were not 
communicational. However, it would be interesting to conduct an experiment using tones with infants 
acquiring a tone language.  
Rabagliati et al. (2012) familiarized 7.5-month-old infants with normal hearing abilities with  
an AAB and ABB pattern in sign language. Results showed that infants extracted the ABB rule but not 
AAB. They concluded that infants need speech to successfully extract both rules and that linguistic 
(sign) communication is not sufficient. The question arises what would happen if this experiment were 
carried out with infants acquiring sign language, since for these infants signs are what speech is to 
hearing infants. Only after this experiment is performed, showing that infants with auditory difficulties 
are able to extract the rules from signs, the conclusion can be drawn that infants need speech (vocal or 
sign) to extract both the AAB and ABB rule.  
 Frank et al. (2009) hypothesized that information from multiple modalities facilitates rule 
learning. They follow the Bayesian hypothesis. The idea in this hypothesis is that a specific rule leads 
to rule learning because people can easily match data points that are consistent with the rule. If a rule 
is conveyed in two modalities (visual and linguistic for example) people should extract a rule sooner 
than when they are only presented with one modality (for more information see Tenenbaum & 
Griffiths (2001)). To provide evidence for their hypothesis Frank et al. (2009) familiarized five-
month-olds with twelve different colored shapes (taken from Johnson et al. (2009)) arranged in an 
ABA or ABB pattern accompanied by syllables following the same pattern and in the test phase 
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infants were presented with consistent and inconsistent items. Infants showed longer looking behavior 
to the novel grammar, meaning they extracted the pattern. Hereafter Frank et al. (2009) carried out a 
second experiment in which they familiarized five-months-olds to ABA or ABB with shapes only. No 
difference in looking times between the grammars was found. In the third experiment they familiarized 
infants with spoken ABA or ABB stimuli accompanied by a gray octagon looming on the screen that 
had no informative meaning about the pattern. No difference in looking time between ABA and ABB 
was found. Since infants looked longer to novel items when presented with two modalities, Frank et 
al. (2009) concluded that five-month-olds use multiple modalities to extract patterns. Results suggest 
that infants need multiple modalities to extract rules. However, there are requirements on these 
modalities. Just shape and color are not sufficient as we have seen in Johnson et al. (2009) in which 
eight-month-olds were only able to discriminate ABB from ABA when familiarized with ABB but not 
when familiarized with ABA. It could be that infants need some linguistic content or representation to 
successfully extract rules (Frank et al., 2009; Saffran et al., 2007). This would also explain why infants 
were able to extract the rules in Marcus et al. (1999): The presence of linguistic content leads to the 
extraction of an ABA or ABB rule. However, infants in Marcus et al. (1999) are provided with only 
one modality.    
The hypothesis of Marcus et al. (2007) in which they state that infants need linguistic content 
to extract rules, is to some extent contradicted by the results of Dawson and Gerken (2009). They 
tested four- and 7.5-month-olds by using musical tones in an AAB or ABA pattern. Four-month-old 
infants in this study showed longer looking behavior to unfamiliar tone patterns. No difference in 
looking times of 7.5-month-olds was found. In this experiment with tones Dawson and Gerken (2009) 
replicated the findings of Marcus et al. (2007): 7.5-month-olds are not able to extract rules when 
familiarized with tones. Results suggest that four-month-olds do not need linguistic content to extract 
a musical rule, which is contradictive to the hypothesis of Marcus et al. (2007), who stated that infants 
need linguistic content to extract rules. Dawson and Gerken (2009) also showed that four-month-olds 
are able to extract the rule with only one modality instead of the multiple modalities suggested by 
Frank et al. (2009), who found out that five-month-olds need multiple modalities to extract rules. 
Dawson and Gerken (2009) suggest two possible explanations for the failure of 7.5-month-olds to 
extract the pattern. First they suggest that these infants might segment tones into larger units, leading 
to a search for relations between different tri-tonal-sequences rather than between individual tones. It 
could also be that 7.5-month-olds pay more attention to pitch contour and no longer pay attention to 
tonal differences, whereas four-month-olds have not yet discovered that their language is not a tone 
language. If 7.5-month-old infants might have done another task, then we cannot conclude that they 
are not able to extract a rule from tones only. Table 1 provides a summary of the rule learning 
experiments discussed in this paragraph.  
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Table 1 Summary of rule learning experiments  
Research table (1) 
 
Research 
Age 
(months) 
Familiarization Test Significant Type Stimuli 
Marcus et al. 
(1999) 
7 ABA ABA-ABB yes linguistic syllables 
  
ABB ABA-ABB yes 
  
  
AAB AAB-ABB yes 
  
  
ABB AAB-ABB yes 
  
Gerken (2006) 9 AdiA AAB-ABA no linguistic syllables 
  
Aadi AAB-ABA no 
  
  
ABA AAB-ABA yes 
  
  
AAB AAB-ABA yes 
  
  
AdiA AAdi-AdiA yes 
  
  
AAdi AAdi-AdiA yes 
  
Gerken (2010) 9 
AAdi (B was not di in three 
of latt five items) 
AAB-ABA yes linguistic syllables 
  
AdiA (B was not di in three 
of last five items) 
AAB-ABA yes 
  
  
music + five items of which 
three contained di in either 
AAB or ABA) 
AAB-ABA yes 
  
Johnson et al. 
(2009) 
11 ABB AAB-ABB yes visual colored shapes 
 
8 ABB AAB-ABB no 
  
 
8 ABB ABB-ABA yes 
  
 
8 AAB AAB-ABA no 
  
 
11 AAB AAB-ABA yes 
  
 
11 AAB AAB-ABB yes 
  
 
8 ABA ABA-ABB no 
  
 
11 ABA ABA-ABB no 
  
Saffran et al. 
(2007) 
7 ABA ABA-ABB yes visual dogs 
  
ABB ABA-ABB yes 
 
dogs 
  
AAB AAB-ABB yes 
 
dogs 
  
ABB AAB-ABB yes 
 
dogs 
  
ABA ABA-ABB yes 
 
cats 
  
ABB ABA-ABB yes 
 
cats 
Marcus et al. 
(2007) 
7,5 AAB AAB-ABB no auditory tones 
  
ABB AAB-ABB no 
  
  
AAB AAB-ABB yes 
linguistic and 
auditory 
sung speech 
  
ABB AAB-ABB yes 
  
  
ABA ABA-ABB no auditory tones varying in timbre 
  
ABB ABA-ABB no 
  
  
ABA ABA-ABB no auditory animal sounds 
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ABB ABA-ABB no 
  
  
ABA or ABB (speech) 
ABA-ABB 
(tones) 
yes 
linguistic and 
auditory 
familiarized with speech and tested with 
non-linguistic stimuli 
  
ABA or ABB (speech) 
ABA-ABB 
(timbre) 
yes 
  
  
ABA or ABB (speech) 
ABA-ABB 
(animal 
sounds) 
yes 
  
Rabagliati et al. 
(2012) 
7,5 AAB AAB-ABB no linguistic sign-like gestures 
  
ABB AAB-ABB yes 
  
Frank et al. (2009) 5 ABA ABA-ABB yes 
linguistic and 
visual 
syllables and colored shapes 
  
ABB ABA-ABB yes 
  
  
ABA ABA-ABB no visual colored shapes 
  
ABB ABA-ABB no visual colored shapes 
  
ABA ABA-ABB no 
linguistic with 
uninformative 
visual stimulus 
syllables with looming grey octagon 
  
ABB ABA-ABB no 
  
Dawson and 
Gerken (2009) 
4 AAB AAB-ABA yes auditory tones 
  
ABA AAB-ABA yes 
  
 
7,5 AAB AAB-ABA no 
  
  
ABA AAB-ABA no 
  
 
Neurophysiological measures of Artificial Grammar Learning 
We have already seen that seven- and eight-month-olds detect different repetitive patterns (AAB, ABB 
and ABA) (Marcus et al., 1999; Saffran et al., 2007; Johnson et al., 2009), although it depends on the 
task and on the pattern that the infants are familiarized with: ABB leads to extraction of the rule but 
ABA does not lead to extraction (Johnson et al., 2009). This finding is contradicted by Saffran et al. 
(2007) and Marcus et al. (1999) who found that infants familiarized with ABA were able to extract the 
pattern and discriminate it from ABB in the test phase. Gervain et al. (2008) investigated whether 
neonates are sensitive to repetitive structures. They used brain imaging to see if neonates showed 
different activation in the brain when presented with repetitive and non-repetitive sequences. Infants 
were presented with tri-syllabic spoken ABB and ABC grammars after which they compared oxyHB 
evoked by the different grammars. Results showed different brain activity for both grammars, 
indicating that neonates perceive the difference between ABB and ABC. In the second experiment 
neonates were presented with ABA and ABC. In this case they were not able to detect the non-
adjacent repetition.   
 This result is not surprising since we have seen that even eight- and eleven-month-olds still 
might not detect non-adjacent repetition since they were not able to discriminate ABA from ABB 
when familiarized with ABA in a visual experiment (Johnson et al., 2009). Although, they were able 
to detect non-adjacent repetitions in Marcus et al. (1999) and Saffran et al. (2007).  
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Gervain and Werker (2013) carried out another experiment similar to Gervain et al. (2008). Instead of 
neonates they tested seven-month-old infants. They wanted to know if seven-month-olds are able to 
process spoken adjacent (ABB) and non-adjacent repetitions (ABA) when put against random controls 
(ABC). Infants were familiarized with tri-syllabic sequences arranged in an ABA or ABB pattern. Half 
of the items in the test phase followed the familiar pattern and half of the items followed an 
(unfamiliar) ABC pattern. Infants showed longer looking behavior to the ABC grammar, indicating 
that seven-month-olds are able to track down adjacent and non-adjacent repetitions and discriminate 
them from an ABC sequence. Johnson et al. (2009) argued that eight-month-old infants have a limited 
cognitive capacity when it comes to processing ABA patterns. Infants were not able to discriminate 
between ABA and ABB in the visual experiment of Johnson et al. (2009), however seven-month-olds 
did discriminate ABA from ABC in the auditory task of Gervain and Werker (2013), indicating that 
they do have enough cognitive capacity to detect non-adjacent repetitions, but the task of Gervain and 
Werker (2013) might have been easier because of the presence of linguistic content. Gervain and 
Werker (2013) conducted a second experiment to investigate whether infants might be more interested 
in the higher variability of ABC than ABA or ABB. In this experiment infants were not familiarized 
and they were only presented with ABA-ABC or ABB-ABC grammars. Infants showed no difference 
in looking behavior between the two grammars. This result indicates that infants do not automatically 
prefer sequences with higher variability.  
 Wagner et al. (2011) conducted an experiment very similar to Gervain et al. (2008). They used 
Near-infrared spectroscopy (NIRS) to investigate brain activation in seven- and nine-month-old 
infants when presented with tri-syllabic sequences (taken from Gervain et al. (2008)) arranged in an 
ABB or ABC pattern. Infants showed, in contradiction to Gervain et al. (2008), no difference in 
oxyHB between ABB or ABC. However, a difference in deoxyHB was found when infants responded 
to ABB in comparison to ABC. Seven-month-olds showed a higher response to ABB, whereas nine-
month-olds showed a higher response to ABC. This indicates that there might be a shift between the 
age of seven months and nine months between ABB and ABC. It could also mean that these infants 
process the sequences differently, but they definitely perceive the difference between ABB and ABC 
as shown in neonates by Gervain et al. (2008).  Table 2 provides a summary of the experiments 
discussed in this paragraph.  
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Table 2 summary of experiments with (non)-repetitive patterns 
 
 
Background for the current experiment 
The motivation for the current experiment was to get more insight into an earlier failed experiment, 
carried out in our lab. This experiment was based on the Marcus et al. (1999) experiment discussed in 
the rule learning paragraph. In Marcus et al. (1999) infants were able to extract rules when presented 
with synthetic speech, as a result of this, researchers in our lab questioned whether infants could also 
extract rules when presented with more natural stimuli instead of the synthetic speech syllables used 
by Marcus et al. (1999). I will refer to this earlier experiment as the 'natural speech experiment'.  
 In the natural speech experiment the goal was to see what happened when more natural stimuli 
were used, i.e. containing syllables with more phonological variation and produced by a ‘ real’  female 
voice instead of a synthetic male voice. New syllables with high variability were made, in the same 
way as in Marcus et al. (1999). Participants were six- and nine-month-olds who were familiarized with 
an AAB or ABA pattern and tested on consistent and inconsistent patterns.  
 In table 3 the stimuli used in the natural speech experiment and in Marcus et al. (1999) are 
shown. In Marcus' stimuli eleven out of sixteen sequences show overlap between consonants or 
vowels, which made the variability within the stimuli low. In the natural speech experiment most 
sequences contained two different vowels and in all cases two different consonants. What becomes 
clear is that in the natural speech experiment infants were almost always presented with different 
vowels in A and B position, leading to high variability. In set 1 only one sequence shows overlap 
between vowels: 'do-mo-do' as opposed to Marcus’ experiment in which eleven out of sixteen 
sequences show overlap between consonants or vowels within a sequence.  
 
Research table (2) 
 
Research Age (months) Familiarization Test Significant Type Stimuli 
Gervain et al. 
(2008) 
0 ABB ABB-ABC yes linguistic syllables 
  
ABC ABB-ABC yes 
  
  
ABA ABA-ABC no 
  
  
ABC ABA-ABC no 
  
Gervain and 
Werker (2013) 
7 ABA ABA-ABC yes linguistic syllables 
  
ABB ABB-ABC yes 
  
  
no familiarization ABA-ABC no 
  
  
no familiarization ABB-ABC no 
  
Wagner et al. 
(2011) 
7 no familiarization ABB-ABC yes linguistic syllables 
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Table 3 Stimuli of the natural speech experiment compared with stimuli of Marcus et al. (1999) 
Overview of the stimuli used in the familiarization and test phase of the ABA group. Every participant was assigned to one of 
the eight training grammars. In the last column the stimuli of Marcus et al. (1999) are displayed. The grey cells show overlap 
between consonants or vowels in a sequence.  
Stimuli 
Familiarization (ABA) 
1 2 3 4 5 6 7 8 
Marcus et 
al. (1999) 
do le do fi mo fi ka nu ka le pu le mo sa mo nu do nu pu fi pu sa ka sa de di de 
fi do fi ka fi ka le ka le mo le mo nu mo nu pu nu pu sa pu sa do sa do de ᴣe de 
ka do ka le fi le mo ka mo nu le nu pu mo pu sa nu sa do pu do fi sa fi de li de 
le fi le mo ka mo nu le nu pu mo pu sa nu sa do pu do fi sa fi ka do ka de we de 
mo fi mo nu ka nu pu le pu sa mo sa do nu do fi pu fi ka sa ka le do le ᴣi di ᴣi 
do mo do fi nu fi ka pu ka le sa le mo do mo nu fi nu pu ka pu sa le sa ᴣi ᴣe ᴣi 
fi ka fi ka le ka le mo le mo nu mo nu pu nu pu sa pu sa do sa do fi do ᴣi li ᴣi 
ka le ka le mo le mo nu mo nu pu nu pu sa pu na do sa do fi do fi ka fi ᴣi we ᴣi 
le mo le mo nu mo nu pu nu pu sa pu sa do sa do fi do fi ka fi ka le ka le di le 
mo ka mo nu le nu pu mo pu sa nu sa do pu do fi sa fi ka do ka le fi le le ve le 
do nu do fi pu fi ka sa ka le do le mo fi mo nu ka nu pu le pu sa mo sa le li le 
fi nu fi ka pu ka le sa le mo do mo nu fi nu pu ka pu sa  le sa do mo do le wi le 
ka nu ka le pu le mo sa mo nu do nu pu fi pu sa ka sa do le do fi mo fi wi di wi 
        wi ᴣe wi 
        wi li wi 
        wi we wi 
Test items 
1 2 3 4 5 6 7 8 
Marcus et 
al. (1999) 
le nu le mo pu mo nu sa nu pu do pu sa fi sa do ka do fi le fi ka mo ka ba po ba 
mo nu mo nu pu nu pu sa pu sa do sa do fi do fi ka fi ka le ka le mo le ko ga ko 
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In the stimuli used by Marcus et al. (1999) the consonants and vowels were often the same in a 
sequence, which led to a low variability. It could be that infants in the natural speech experiment had 
multiple cues (vowels and consonants). They could have used consonants or vowels to extract the 
pattern. They even could have extracted the rule by paying attention to consonants only.  
Surprisingly, no significant results were found, despite the fact that the stimuli were more natural than 
in Marcus et al. (1999) and that infants had two cues to extract the rule.  
 In Marcus et al. (1999) most consonants in the familiarization were coronal consonants. Hume 
(1992) proposed that all coronal consonants and all front vowels are both specified as coronal. 
Therefore, it could be that the syllables in Marcus et al. (1999) were not perceived as a syllable 
consisting of a consonant and a vowel but more like one unit because of the phonetic similarities. For 
example: 'le-li-li' consists of the coronal /l/ and the vowels are front vowels that can be specified as 
+coronal. Infants might think that 'le' does not consist of a consonant and a vowel, but might perceive 
it as one unit. So instead of figuring out the relationship between six sounds, infants would then have 
had to figure out the relationship between three +-coronal units. This could have made the task easier. 
This suggestion can be explained by the experiment of Marcus et al. (2007) in which infants were able 
to extract a rule from a linguistic familiarization and apply it to non-linguistic stimuli in the test phase. 
These non-linguistic stimuli (tones, timbre and animal sounds) did not show similarities with syllables 
(except for the pattern). Extracting a pattern from a linguistic familiarization and applying it to non-
linguistic stimuli, must be a harder task than applying the pattern to linguistic stimuli. Still infants 
managed to do so. A reason for this could be that infants perceived the linguistic stimuli as three 
+coronal units and the non-linguistic stimuli as three units as well. This could have made the task 
easier because they did not have to think about the relationship between elements in one unit. Infants 
only had to figure out the relationship between the three units.  
 Another reason for the non-significant results of the natural speech experiment might be that 
infants relied on position. In the natural speech experiment the syllables were not assigned to either A 
or B positions but they could be in both positions (for example: 'do-mo-mo', where 'do' is in A-
position and 'ka-do-ka' where 'do' occupies the B-position). This was not the case in Marcus et al. 
(1999). So perhaps seven-month-old infants need syllables to be in fixed positions in order to extract a 
rule.  
 A third reason might be that infants in the natural speech experiment were tested on AAB and 
ABA instead of ABB and ABA, like in Marcus et al. (1999). However, prior research suggests that 
infants detect adjacent and nonadjacent repetitions and that they can also find the location of the 
repetition (early vs. late) (Marcus et al., 1999; Marcus et al., 2007; Saffran et al., 2007). Therefore, we 
assume that the pattern is not the reason why infants showed no sign of rule learning.   
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Many articles refer to the findings of Marcus et al. (1999). Based on the non-significant results 
when infants were presented with stimuli with high variability by making changes to the phonological 
content of the syllables in the natural speech experiment, we wonder how stable the results of Marcus 
et al. (1999) actually are.   
This leads to the question: Are we able to replicate the findings obtained by Marcus et al. 
(1999) if we exactly replicate the experiment? If this would be the case, this would indicate that the 
variability of the phonological content of the stimuli is an important factor in rule learning by seven-
month-old infants. Since no difference was found in looking times in the natural speech experiment in 
which infants were presented with stimuli with high phonological variability, we hypothesize that a 
low variability of the stimuli might facilitate rule learning in seven-month-old infants.  
2. Method 
Participants 
We tested ten full-term Dutch infants (six females) ranging in age from six months twenty-one days to 
seven months twelve days with a mean age of seven months two days (SD = 7,70). Infants were 
recruited by the Leiden University Babylab. The Leiden municipality provided information about 
newborns in the Leiden area. All participants were full-term, none of the parents reported visual or 
auditory problems and none of the infants were at risk of dyslexia. All infants followed a normal 
developmental trajectory and were raised in a monolingual environment. An additional seven infants 
were tested but excluded due to crying (n = 1), disinterest in the task (n = 2), experimenter error (n = 
1) or technical difficulties (n = 3). Half of the infants was assigned to the ABA condition and half to 
the ABB condition.  
Stimuli 
Although the set of synthetic syllables used by Marcus et al. (1999) was available, it was necessary to 
create a new, slightly altered set of synthetic syllables, in order to stay within the Dutch sound 
inventory. The syllables /ᴣi/ and /ᴣe/, from Marcus et al. (1999) were therefore changed to /vi/ and /ve/. 
We chose /v/ because we wanted the consonant to stay a voiced fricative. Stimuli were produced by 
the male default voice in Praat (Boersma & Weenink, 2015). We used the Dutch language function to 
obtain syllables that were pronounced in Dutch instead of English. Like in Marcus et al. (1999), we 
replaced the pitch tier with a 125 Hz flat pitch tier so that infants would not pay attention to pitch. The 
duration of every syllable was ca. 250-ms. If the duration of a recorded syllable was over 250-ms, we 
cut out some parts of the vowel and consonant to obtain a duration of around 250-ms for every 
syllable, to create syllables as used by Marcus et al. (1999). Syllables were concatenated in an ABA or 
an ABB pattern. Just as in Marcus et al. (1999), between every syllable in the string a 250-ms silence 
was added and A 1000-ms pause was added between every triplet. All syllables of the familiarization 
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phase consisted of a consonant followed by a vowel. All consonants were voiced so that infants were 
not distracted by the difference between voiced and unvoiced consonants. In total we used sixteen 
triplets in the familiarization phase (Table 4). Like in Marcus et al. (1999), during the test phase we 
used different syllables with consonants and vowels they had not heard in the familiarization.   
   
 
    Table 4 adjusted stimuli, based on Marcus et al. (1999) 
  Alterations were made to the ᴣe and ᴣi syllables. They were changed into  
‘ve’  and ‘ vi’ to stay within Dutch sound inventory.   
 
Familiarization 
ABB ABA 
de_di_di de_di_de 
de_ve_ve de_ve_de 
de_li_li de_li_de 
de_we_we de_we_de 
vi_di_di vi_di_vi 
vi_ve_ve vi_ve_vi 
vi_li_li vi_li_vi 
vi_we_we vi_we_vi 
le_di_di le_di_le 
le_ve_ve le_ve_le 
le_li_li le_li_le 
le_wi_wi le_wi_le 
wi_di_di wi_di_wi 
wi_ve_ve wi_ve_wi 
wi_li_li wi_li_wi 
wi_we_we wi_we_wi 
Test phase 
ba_po_po ba_po_ba 
ko_ga_ga ko_ga_ko 
 
Procedure 
We used the Head-turn Preference Procedure developed by Jusczyk and Aslin (1995) also known as 
familiarization-preference procedure to investigate whether seven-month-old infants were able to 
extract a rule from the familiarization and apply it to novel instances.  
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 In this procedure the infant and parent were seated in a sound-attenuated booth. The infant was 
seated on the parent's lap while the parent listened to masking music over headphones to avoid 
influencing the infant. An experimenter took place outside the booth and viewed the experiment via 
camera while controlling the lights and the presentation of the stimuli with a computer, without 
knowing which sound was played in the booth. In front of the infant was a green light, with a hidden 
camera below the light and on each side were red lights with hidden speakers. The experiment began 
by flashing the green light, to draw the infant’s attention. Once the infant paid attention for two 
seconds, the familiarization phase began. During this phase the stimuli was played from both speakers. 
When the infant looked at one of the sides, the light on the side started flashing for as long as the 
infant kept looking. The light flashed to keep the infant interested. During the 104,2 second 
familiarization, infants heard three times sixteen tri-syllabic strings in random order, with one second 
between every triplet. After familiarization, the infant participated in three blocks containing four test 
trials (two consistent and two inconsistent). When the infant paid attention to the flashing green light, 
the test trial began and one of the side lights started flashing. When the infant turned her head toward 
the flashing light, the auditory information of the test trial would begin. The audio kept playing as long 
as she looked at the lights, with a maximum of seven repetitions. When the infant looked away from 
the light for more than two seconds, a new test trial would begin. Infants always heard a complete 
triplet. Depending on the infant's interest in the task, completing the experiment took six to eight 
minutes.  
We tested infants in two conditions. Half of the infants were familiarized with an ABA 
structure whereas the other half heard an ABB grammar during the familiarization phase. All trials 
were counterbalanced, which means that in the test phase half of the infants was presented with an 
inconsistent sentence first and that the other half heard a consistent sentence in the first trial. The sides 
were also counterbalanced and randomized. Half of the trials started with a left flashing light and the 
other half started with a flashing light on the right side. In every block the audio was presented two 
times on the left side and two times on the right side corresponding to the lights. In total we had 
sixteen different versions of the experiment. Every version contained a different randomized 
familiarization.  
Depending on the infant’s mood the parent filled in a questionnaire about the child’s 
development before or after the experiment. The parent signed a consent form and received 
reimbursement for travel costs. The infant received a book and a certificate.  
Analysis  
Videos were coded frame by frame in ELAN (Brugman & Russel, 2004). The looking behavior was 
coded without any sound by marking looks in the appropriate tiers. After coding the video, the 
information was exported to an Excel file. Looks were summed up per trial. Total looking times of 
trials less than the duration of one stimulus were excluded. This means that every total looking time of 
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less than 1250-ms was excluded from the data. Looking times of all trials were exported to SPSS 
Statistics 23. All looking times were averaged and divided into mean looking times per block and then 
again divided into looking times for consistent and inconsistent test-items. This led to six groups of 
data. Since infants provided data in three blocks, we conducted a 2x3 Repeated measures Analysis of 
Variance (ANOVA) (TrainingGrammar*TestGrammar*Block). We also made a second data set in 
which all responses per trial were displayed. This data set was used for a univariate ANOVA, where 
we used looking times as dependent measure. Training grammar, test grammar, gender and trial type 
were fixed factors. As covariates we added the looking time during familiarization, the time infants 
did not look during familiarization and the time it took infants to redirect their attention after 
familiarization before the first trial.  
 
3. Results 
Q-Q plots showed that the data per block were approximately normally distributed. Due to the small 
size of the sample, we used Shapiro-Wilk to test if the distribution of our sample was normal. Shapiro-
Wilk was non-significant for all dependent measures, therefore we can assume that the data were 
approximately normally distributed in all twelve groups (three blocks x test grammar x training 
grammar). Values are shown in table 5.  
 
 
Table 5 Shapiro-Wilk values 
Measure Training 
Grammar 
Shapiro-Wilk 
Statistic df  Significance 
Mean Consistent Block 1 ABA .982 5 .946 
ABB .860 5 .229 
Mean Consistent Block 2 ABA .928 5 .581 
ABB .943 5 .689 
Mean Consistent Block 3 ABA .938 5 .655 
ABB .832 5 .144 
Mean Inconsistent Block 1 ABA .948 5 .722 
ABB .969 5 .871 
Mean Inconsistent Block 2 ABA .787 5 .063 
ABB .912 5 .483 
Mean Inconsistent Block 3 ABA .933 5 .617 
ABB .887 5 .344 
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Also Mauchly’s Test of Sphericity for block was non-significant, which means that the sphericity 
assumption is not violated, χ2(2) = 4.43, p = .891. Mauchly’s Test of Sphericity for block x test 
grammar was also non-significant, χ2(2) = .748, p = .312. We conducted a Repeated measures 
ANOVA. No significant interaction was found between training grammar, test grammar and block, F 
(2, 7) = 1.11, p = .353, η2 = .122. The Repeated measures ANOVA showed no difference between the 
two different test grammars, meaning that there was no difference in looking times between consistent 
and inconsistent trials, F (1, 8) = .00, p = .998, η2 = .000. No difference was found between different 
blocks, F (2, 16) = 3.25, p = .066, η2 = .289. Through visual inspection we know that infants 
familiarized with ABB showed longer looking times to consistent items, whereas infants familiarized 
with ABA showed longer looking times to inconsistent trials, however the effect was not significant, F 
(1, 8) = 2.09, p = .186, η2 = .208. Mean looking times are shown in Table 6.  
 
Table 6 Mean looking times per training grammar and block 
Mean looking times (s) - SD (s) 
 Training grammar consistent inconsistent 
Block 1 
ABA 10,85 10,47 
ABB 11,13 9,78 
Total 10,99 (3,37) 10,13 (2,99) 
Block 2 
ABA 10,50 10,24 
ABB 9,46 9,77 
Total 9,98 (2,48) 10,01 (2,24) 
Block 3 
ABA 8,21 11,97 
ABB 7,99 5,91 
Total 8,10 (3,48) 8,94 (4,18) 
Total 
ABA 9,72 10,89 
ABB 9,53 8,49 
Total 9,62 (1,78) 9,69 (1,84) 
 
There were no interactions between block, training grammar and test grammar. Visual inspection tells 
us that infants did not show longer looking behavior to inconsistent items in block 1. In block 2 the 
ABA group showed longer looking behavior to consistent trials, whereas the ABB group showed 
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longer looking behavior to the inconsistent trials and infants overall showed longer looking behavior 
to the ABA grammar. In block 3 both groups showed longer looking behavior to the ABB grammar.  
 Additionally, we ran a univariate ANOVA, because this allowed us to calculate with raw 
values instead of average values. This was necessary because we wanted to compare the output from 
all trials, rather than the averaged output per block. We found no significant differences in looking 
times between the two training grammars, F (1, 93), p = .322, η2 = .011. Looking times did not differ 
between consistent and inconsistent trials, F (1, 93) = .27, p = .603, η2 = .003. No significant 
differences on trial type were found (whether the trial was composed of ‘ ba-po-po’  or ‘ ko-ga-ga’), F 
(3, 93) = .115, p = .951, η2 = .004. We found no significant differences in performance between boys 
and girls, F (1, 93) = 2.14, p = .147, η2 = .023. Also looking time during the familiarization was non-
significant as was the time infants looked away during familiarization. However, we did find an 
interaction between looking time and the time it took to redirect the attention during the attention 
grabber of the first trial, F(1, 93) = 4.67, p = .033, η2 = .048. This significant result disappeared when 
we removed a serious outlier, F(1, 81) = 1.23, p = .271, η2 = .015. After removal, none of the other 
results became significant. Plots also showed that infants familiarized with ABB show longer looking 
behavior to consistent items, whereas infants familiarized with ABA, show marginal longer looking 
times to ABB, however the difference was not significant.  
 
4. Discussion 
The aim of this study was to replicate the findings of Marcus et al. (1999). Motivation for this was that 
we needed to find an explanation for the results of our previous natural speech experiment in which 
infants were not able to extract a pattern when familiarized with more natural stimuli with high 
phonological variability. We hypothesized that infants in the current experiment would be able to 
extract the rule because this experiment was highly similar to Marcus et al. (1999). If infants would be 
able to do so, this would suggest that low variability of the stimuli leads to rule learning and that the 
variability of the phonological content is an important factor in rule learning.  
 However, in our exact replication of Marcus et al. (1999) again no difference in looking times 
between the two grammars was found, indicating that seven-month-old Dutch infants are not able to 
discriminate between the two grammars. Overall infants showed longer looking behavior to the ABB 
grammar, although this effect was not significant. However, when we look at the data per block, 
infants look longer to the ABA grammar in block 2. In the third block, infants look longer to the ABB 
grammar, although the results are not significant. There is an interesting interaction between looking 
time and the time it took infants to redirect their attention during the attention grabber before the first 
test-trial. It could be the case, that infants who took a long time to redirect their attention, might have 
forgotten about the pattern with which they were familiarized, leading to no discrimination between 
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ABA and ABB. There was however one infant who was a serious outlier in this sample, therefore we 
should be careful drawing any conclusions based on this set of participants. When we removed the 
outlier, the interaction between looking time and the time it took infants to redirect their attention 
disappeared. So we can conclude that this outlier was responsible for the interaction between looking 
time and attention redirection time.  
Unfortunately, we were not able to find the same results as Marcus et al. (1999) making it 
unable to draw conclusions about the importance of variability of the phonological content. Our 
findings indicate that the effect found by Marcus et al. (1999) might not be very solid and perhaps we 
should treat their results with caution.  
In order to conclude that the results obtained by Marcus et al. (1999) might have been a 
coincidence, we should test more infants to obtain more statistical power. In this experiment only ten 
infants made it to the final sample which is not enough to draw a valid conclusion based on statistics. 
One conclusion that can be drawn, is that the outcome of the data analysis so far does not look 
promising.  
 The visual inspection of the results shows longer looking times (not significant) for the ABB 
grammar in the experiment overall, independent of the grammar infants were familiarized with. 
Longer looking times to ABB test-items point to an interest in adjacent repetitive items. However, in 
block 2 both groups showed longer looking times to the ABA test-items. A possible explanation for 
this might be that infants have trouble processing the non-adjacent repetition. This result was also 
found by Johnson et al. (2009). Eight-month-olds were not able to discriminate between ABA and 
ABB in a visual experiment when familiarized with ABA. When familiarized with ABB they were 
able to extract the rule. To see if this is also the case for linguistic rule learning, more research is 
required.  
 Question remains why seven-month-old infants were able to extract patterns when presented 
with dogs or cats in Saffran et al. (2007). Saffran et al. (2007) think that familiarity is the reason for 
their success. However, could the results also be explained by the fact that seven-month-olds know the 
words 'cat' and 'dog' and have a linguistic representation of the concept? If this is the case, then 
linguistic information (phonological content or representation) is an important factor, as is also argued 
by Marcus et al. (2007). Then, we should have obtained significant results in the current experiment 
and in the natural speech experiment. However, we obtained no significant results in our linguistic 
experiments. Another explanation might be that infants used multiple modalities (type and color) in 
Saffran et al. (2007) to extract the pattern. If this is the case, we might have found an explanation for 
our results, since infants only had one source of information from which they could extract the rule. At 
the same time, this would mean that we should have found results in the natural speech experiment in 
which we used more natural stimuli with high variability (however not all stimuli in the familiarization 
had multiple cues, since in some sequences certain vowels were the same in A- and B-position). The 
importance of linguistic content is also supported by the findings of Marcus et al. (2007) where infants 
 
24 Is rule learning facilitated by stimuli with low variability? 
were presented with several types of familiarization (tones, animal sounds and tones varying in 
timbre) and were not able to extract the rule. When they were presented with two cues: sung speech, 
where the speech and the sound were informative cues, infants showed a difference in looking 
behavior. This means that they might have used multiple modalities to extract the rule. This 
experiment also showed that infants need linguistic (phonological) content to extract rules.  
 In sum, results from the auditory and visual field fail to draw a clear picture of the rule 
learning abilities of seven-month-olds. The literature tells us that infants need linguistic information in 
the form of phonological content or representation to extract rules. We wondered if infants extract 
rules when familiarized with stimuli with low variability, since they were not able to extract rules 
when presented with high phonological variation.  In the current experiment we have not been able to 
replicate the findings of Marcus et al. (1999) which might indicate that the results found by Marcus et 
al. (1999) are fragile and that we need to find out under which circumstances and conditions seven-
month-olds are able to extract rules before we conduct further research. As yet, answering the question 
about the importance of variability of the phonological content is not possible, because with our small 
set of participants we were not able to obtain the same results as Marcus et al. (1999). We hope that a 
bigger data-set in the near future will be able to tell us if low variability is an important factor in rule 
learning.  
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